Abstract. The Hoechst 33342 exclusion side population (SP) assay is a validated method used to identify cells with stem cell-like properties. When isolated from tumors, SP cells have been shown to have high malignant potential. SPs have been found in both carcinomas and sarcomas. The molecular profile of sarcoma SP is poorly understood. The purpose of the present study was to determine whether endosialin is a suitable therapeutic target for sarcomas. Six cell lines (HT-1080 fibrosarcoma, SJSA-1 and HOS osteosarcoma, A-673 and SK-ES-1 Ewing sarcoma) were used for the SP analysis. Flow cytometry was used to count and examine the cells. Results showed for the first time that endosialin (CD248), which was previously identified as a sarcoma marker, is expressed in sarcoma SP cells. This observation supports the hypothesis that endosialin is a promising therapeutic target for sarcomas.
Introduction
Central to our understanding of cancer progression is the recognition of tumor heterogeneity and the finding that cells within a tumor vary in their malignant potential (1, 2) . The search for the highly malignant cell, i.e., the cell that initiates primary tumor growth, escapes therapy and repopulates the tumor and/or the motile and invasive cell that survives in circulation and colonizes distant organs, has led to the ongoing characterization of the metastatic cell, tumor-initiating cell or cancer stem cell, as well as the circulating tumor cell, all of which exhibit highly malignant and partially overlapping phenotypes (3) (4) (5) (6) .
The Hoechst 33342 exclusion side population (SP) assay is a method used to identify and isolate cells with highly malignant properties. SPs were first identified by Goodell et al (7) in the process of isolating cycling vs. quiescent bone marrow cells by flow cytometry using the DNA binding dye Hoechst 33342. The investigators identified a small distinct cell subpopulation with high dye efflux capacity, enriched in hematopoietic stem cell markers and in vivo bone marrow reconstitution activity. This population was termed 'side population' (SP) as it appeared on dual-wavelength cytograms capturing emission in the red and blue ranges of the spectrum. Disappearance of the SP profile upon exposure to verapamil indicated that the effect was mediated by multidrug resistance proteins (7) . Expression of high cell surface MDR1/P-glycoprotein and/or BCRP1/ ABCG2 was subsequently found to be a key feature of the SP phenotype (8, 9) . Since the initial identification in bone marrow, SP cells have been identified across tissue types, including muscle, breast, lung, liver, brain, skin, heart and kidney, where they have regenerative and stem cell-like properties (10, 11) .
The Hoechst 33342 exclusion SP phenotype is relevant to cancer since drug efflux in malignant cells is a mechanism of chemoresistance that provides survival advantage and promotes tumor recurrence and disease progression (12) . Similarly, the normal stem cell phenotype, characterized by a lack of differentiation and by the capacity for self-renewal and repopulation, bears some similarity to the malignant cell phenotype and malignant progression (13) . SP cells have been detected in various types of cancer, including leukemia, glioma, medulloblastoma, hepatocellular, breast, prostate, thyroid, colorectal and ovarian carcinoma. In general, SP cells have a superior tumorigenic potential compared to non-SP cells, as determined by their ability to initiate tumors in immunodeficient mice (10, 11) .
The first observation of SP cells in tumors of mesenchymal origin was reported by Wu et al (14) The molecular characterization of tumor SP cells has begun to yield novel therapeutic approaches and pre-clinical advances, but the gene expression profile of sarcoma SP cells remains to be elucidated (10, 11) . Few reports detailing molecular characterization of sarcoma SP cells are currently available. Using a bone malignant fibrous histiocytoma cell line, Murase et al identified 23 transcripts that were up-regulated in SP cells compared to the bulk tumor cell population. Among the transcripts found at higher levels in the SP cells was the efflux pump ABCG2, which was also up-regulated in the SP cell fraction of the SK-ES-1 Ewing sarcoma cell line (16, 17) .
Endosialin is a novel cell surface protein detected in mesenchymal tumors, as well as perivascular, stromal and malignant cells (18) (19) (20) . We previously conducted a survey of endosialin protein expression by immunohistochemistry in clinical specimens of sarcoma (20) . Endosialin expression was frequent in clinical sarcoma specimens and reached high levels: 70 of 86 (81%) sarcomas were positive for endosialin, with 44 (51%) exhibiting at least 50% coverage of the three immunoreactive cell types as a whole. Staining intensity was scored on the scale 0, 1+, 2+ and 3+; all nine sarcoma subtypes surveyed included specimens reaching a staining intensity of 2+ and 3+. Endosialin is also expressed in progenitor cells, such as endothelial precursor and mesenchymal stem cells (21) (22) (23) (24) .
Materials and methods

Materials.
Hoechst 33342, verapamil and propridium iodide (PI) were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Cells. All cells were of human origin. The HT-1080 fibrosarcoma, SJSA-1 and HOS osteosarcoma, A-673 and SK-ES-1 Ewing sarcoma cell lines were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). The MG-63 osteosarcoma cell line was obtained from the Riken Bioresource Center (Ibaraki, Japan). The cells were propagated in RPMI supplemented with 10% heat-inactivated fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA, USA).
Antibody. The fully human anti-endosialin antibody used for flow cytometry was generated through a partnership with Kyowa Hakko Kirin Co., Ltd., Takasaki, Japan, as previously described (20) .
Side population analysis by flow cytometry. The cells were detached in warm Versene (PBS-EDTA; Invitrogen). Warm RPMI, 2% FBS, 10 mM HEPES was added once the cells were detached. The cells were centrifuged for 5 min at room temperature and suspended in warm HBSS, 2% FBS, 10 mM HEPES at a concentration of 5 million cells/200 µl. Five million cells/200 µl were used per tube for staining. Hoechst 33342 (10 µg/ml) was added to each tube in the presence or absence of verapamil (100 or 500 µM). The cells were incubated in the presence of Hoechst 33342 and in the presence or absence of verapamil for 2 h at 37˚C with agitation in the dark, after which the tubes were transferred to ice. Anti-endosialin antibody (20 µg/ml) was added and incubated for 45 min on ice in cold HBSS, 2% FBS, 10 mM HEPES. The cells were washed once in cold HBSS, 2% FBS, 10 mM HEPES and suspended in 200 µl cold HBSS, 2% FBS, 10 mM HEPES. Phycoerythrin-labeled anti-human IgG F(ab') 2 , (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA, USA) secondary antibody was added at a dilution of 1/40 and incubated on ice for 45 min. The cells were washed once in cold HBSS, 2% FBS, 10 mM HEPES and suspended in 500 µl cold HBSS, 2% FBS, 10 mM HEPES. PI (0.5 µg/ml) was added immediately prior to the acquisition. Cells were analyzed by flow cytometry with a 4-laser equipped SORP LSRII (Becton-Dickinson Biosciences, San Jose, CA, USA). PI was excited by 488-nm laser and the resulting fluorescence was detected using a filter 610/20 with a LP dichroid mirror 610LP. Hoechst 33342 was excited with a 355 nm UV laser, and its fluorescence was measured dually: Hoechst Red with 605/40 filter and Hoechst Blue with 450/40. PE was excited by a 488-nm laser and the resulting fluorescence was detected using a 575/26 filter with a 550 LP dichroid. Data analysis was conducted in Flow Jo (Tree Star Inc., Ashland, OR, USA).
Results
We previously studied endosialin expression by flow cytometry in 37 human sarcoma cell lines and detected the expression thereof in 18 of the 37 cell lines (25) . In the present study, six of the 37 human sarcoma cell lines, the HT-1080 fibrosarcoma cell line, the A-673 and SK-ES-1 Ewing sarcoma cell lines and the SJSA-1, MG-63 and HOS osteosarcoma cell lines, were examined to determine whether or not SP cells were detected in the lines, and to determine whether the SP cells expressed endosialin.
SP cells were identified upon simultaneous exposure to Hoechst 33342 and verapamil for 2 h. The combination of Hoechst 33342 and verapamil was toxic to the cells as measured by the PI uptake. The decrease in the number of viable PI-negative cells was cell-line-dependent and verapamil concentration-dependent: a modest decrease in viability was observed with 100 µM verapamil, whereas a more profound decrease in viability was observed with 500 µM verapamil. The cytotoxicity observed resulted in the lowest viability in HOS cells (33% viability) and in SK-ES-1 cells (35% viability), and the highest viability in HT-1080 cells (65% viability) at the higher verapamil concentration (Fig. 1) . These results are consistent with published observations showing that verapamil is cytotoxic towards cells in culture (26, 27) .
Decreased viability was also observed in the absence of verapamil and in the presence of Hoechst 33342 alone. The cytotoxicity of Hoechst 33342 varied among the cell lines with the lowest viability observed in the SK-ES-1 cells (46% viability) and HOS cells (55% viability), and the highest viability observed in SJSA-1 cells (81% viability) and HT-1080 cells (78% viability) (Fig. 1) . The results are consistent with published observations showing that Hoechst 33342 is cytotoxic towards cells in culture (28, 29) .
SP cells were identified among viable PI-negative cells as verapamil-sensitive cells with low Hoechst 33342 content. Sensitivity to the efflux-blocking activity of verapamil varied between cells. Although verapamil (500 µM) induced a reduction in the number of cells with low Hoechst 33342 content in all six cell lines tested, only two of the six, the MG-63 and SJSA-1 osteosarcoma cell lines, were sensitive to 100 µM verapamil ( Fig. 2A and B) . The SJSA-1 osteosarcoma cell line was particularly sensitive to verapamil, with a similar percentage of SP cells detected in the presence of 100 and 500 µM verapamil (0.12 and 0.09%, respectively). The concentrations of verapamil used in this study are similar to those used by Komuro et al (2007) who reported verapamil sensitivity between 50 and 500 µM in a number of human sarcoma cell lines (15) .
As a result of the lack of sensitivity of 4 of the 6 cell lines to 100 µM verapamil, the 500 µM concentration was selected as the concentration for identification and gating of verapamilsensitive cells. The highest percentage of SP cells was observed in SK-ES-1 Ewing sarcoma cells (0.73%), followed by MG-63 osteosarcoma (0.60%), HOS osteosarcoma (0.39%), SJSA-1 osteosarcoma (0.37%), HT-1080 fibrosarcoma (0.24%) and A-673 Ewing sarcoma cells (0.17%) ( Fig. 2A and B) . The results obtained for the SK-ES-1 cell line are similar to previously reported results, in which SP cells were found to comprise 1.2% of SK-ES-1 cell populations (17) . Our results are consistent with those reported by Komuro et al in Ewing sarcoma cell lines (15) .
We determined whether SP cells maintained endosialin positivity in the four cell lines for which the main population was previously determined to be endosialin-positive: A-673 and SK-ES-1 Ewing sarcoma cells, and HOS and SJSA-1 osteosarcoma cells. Results indicated that the percentage of endosialin-positive cells was similar in SP and non-SP cells: in A-673, 98% of SP cells and 99% of non-SP cells were endosialin-positive; in SK-ES-1, 96% of SP cells and 89% of non-SP cells were endosialin-positive; in HOS, 98% of SP cells and 94% of non-SP cells were endosialin-positive; and in SJSA-1 98% of SP cells and 96% of non-SP cells were endosialin-positive (Fig. 3A) . Not only was the percentage of endosialin-positive cells similar between SP cells and non-SP cells, but the level of endosialin expression was also similar between SP cells and non-SP cells as evidenced by the median fluorescence intensity (Fig. 3B) . For the two cell lines for which the main population had previously been determined to be negative for endosialin, the MG-63 osteosarcoma and HT-1080 fibrosarcoma cell lines, SP cells and non-SP cells were found to be similarly negative, with similar median fluorescence intensities (Fig. 3B) . of useful diagnostic markers and/or therapeutic targets. Not all sarcoma clinical specimens or sarcoma cell lines express endosialin (20, 25) . The current data indicate that, in sarcoma cell lines that are positive for endosialin, SP cells maintain endosialin positivity.
In conclusion, we have reported for the first time that endosialin is expressed in sarcoma SP cells, thereby reinforcing the hypothesis that endosialin is a suitable therapeutic target for sarcomas. However, additional endosialin-positive cell lines should be screened to determine whether retention of endosialin positivity in sarcoma SP cells is a frequent event, and SP cells should be isolated from clinical specimens and assessed for endosialin expression.
